Summary
Introduction
Among natural disasters, with serious risks for people and their activities, floods have been the most common in terms of frequency, their threat level and the damage they cause; accordingly, they deserve special attention (Gavrilović Lj, et al., 2012 are, after draught, the most common and widespread natural disaster. Floods affect a large number of people and inflict great material damage, much larger than all other kinds of natural disasters. They can destroy entire cities and send thousands of people to search for shelter. Leading a constant battle against floods, people view them with anxiety and fear. Almost every year, the rivers leave their beds and flood smaller or larger areas, thus threatening both people and material goods.
Floods are a natural phenomenon, but humans who have, through their actions, intensified climatic changes and harmed the environment, have certainly contributed to their frequency in the past years. Since 1980, there were 325 major floods in Europe, 200 of which from the year 2000 to today. Land use change is often mentioned as a reason for this. In urban surroundings, where soil sealing is common, there is a distinct threat from more frequent and intense natural disasters followed by heavy precipitation that exceeds the capacity of the rain sewer and jeopardise the water quality in the aqueducts. The frequency and intensity of this precipitation is connected to the disturbance in the hydrological cycle caused by global warming (EEA, 2012) . Among natural hazards with serious risks for people and their activities, torrential (flash) floods are the most common hazard in Serbia and the most significant regarding ´ huge material damage and loss of human lives. The frequency of these events, their intensity and diffusion in the whole country make them a permanent threat with severe consequences to environmental, economic and social spheres (Ristic, et al, 2012 .a).
Appearance of torrential floods is mostly out of man control. Man made hazard could be increased by irresponsible activities concerning land use or decreased with preventive activities: spatial planning in endangered watersheds; afforestation of bare lands, amelioration of degraded forests, meadows and pastures; appropriate agricultural techniques; application of agroforestry; erosion control measures and torrent training works (Ristic et al., 2012b) .
Floods are directly influenced by precipitation, the state of the water level in the main stream during the flood wave, ice jams, flow meanders, active landslides and the coincidence of high levels of water from tributaries and the main river flow, (Gavrilović, 1981) .
Precipitation has the highest significance for the occurrence of floods. Rain immediately leads to an increase in water level, while snow increases the water level when it melts. The height of the flood wave depends on the amount of precipitation and the size of the river basin, while intensity is of less significance. Pouring rain is short lasting and affects smaller areas, while long lasting rain affects the whole basin or large portions of it; they saturate the land with water and lead to growth in water levels in the whole river network. That is when there occurs a large flood wave and floods of catastrophic proportions in the valley of the main river. Snow cover can contain large amounts of water, and snow precipitation can only lead to an increase in the water level after the snow melts. The unfavourable circumstances are, though, that the snow melting usually coincides with the oncome of heavy spring and late autumn rains. In this case, there is an increase in water level and the formation of a flood wave, which lasts longer on large and midsized rivers. During especially cold winters, ice jams, which can reach significant thickness, can form on rivers. In the early spring, when the ice melts, icy corks can form in the riverbed, in the form of bridges, shelves or river meanders, the icy barrier becomes thicker and thicker, and up-flow, the river turns into a lake and then floods the surrounding areas. This type of floods used to occur on the Velika Morava, Tisa and Danube rivers, before the construction of accumulation.
Indirect contribution to floods is also made by the shape and size of the basin, density of the river network, relief, water-saturation in the soil, state of underground water levels, degree of forestation and the manner of tilling the agricultural land in the basin (Gavrilović, 1981) . The occurrence of floods is also influenced by the geological composition of the terrain in the basin, the pedological structure, degree of cultivation in the observed area, canal construction and other factors. Consequences (damage) that occur from floods are diverse, but the greatest and most difficult consequence is the loss of human lives, which are un-recoupable. For the threatened population, the most difficult consequences are the destroyed homes. The outpouring of sewers, aqueduct damage and drinking water pollution in the settlements can be followed by the occurrence of various epidemics and health threats for many people. The river valleys house the largest agricultural areas and the most productive soil. Floods completely destroy crops, and in some better casestheir yields are reduced. Traffic infrastructure can also suffer from floods. They tear down bridges, embankments, roads and railways, they can cover them or cause them to slide in places where the conditions of the natural relief are disturbed. Due to flooding in industrial facilities, production discontinuance or material loss can occur, and in the case of chemical industry or industry of dangerous substance production, there is also the danger of water pollution with toxic elements (Gavrilović, 1981) .
On the other hand, we must not forget that floods are a part of the normal functioning of the ecosystem of flood forests and swamps. These represent natural mechanisms of flood protection by slowing down and disburdening the river flows. These ecosystems are jeopardised by work on regulation and the construction of water facilities as well as systems for defence against water. The measures for preservation of the so-called "green infrastructure", especially those connected to natural water retention (NWRM) have gained a significant place in the plans for water basin management and management of flood risk, and they will also have financial priority in the following plan period (EC, 2012; ICPDR, 2014a; ICPDR, 2014b). Protection against the detrimental effects from waters also includes measures and work on protection from surface water, groundwater, and protection against ice, protection against erosion and torrents and the recovery from such water effects. It is conducted using systems for protection against external waters -water facilities for watercourse regulation and embankments, erosion and torrents and drainage systems -water facilities for protection against the detrimental effects from internal waters. Besides embankments, protection systems also include around 1,200 km of regulated flow and canal systems and 29 accumulations, which alleviate the flood waves. Defence line systems along the three large rivers, Danube, Sava and Tisa, including the hydro-system Danube-Tisa-Danube (HS DTD) protect more than 852 thousand ha. The situation is significantly less favourable on the banks of Drina and Velika Morava and Južna Morava. In the Drina basin, 65 thousand ha are threatened, and just as much land in the basin of Velika Morava, where adequate systems only defend somewhat more than 23 thousand ha, while protection against the one-hundred-year floods in the basin of Južna Morava is only provided for about 4.6 thousand ha of about 39 thousand ha threatened land (Đorđević, 2009 ).
According to regional models of climate changes, an increased frequency and intensity of torrential floods is expected in the near future. Anti-erosion work was most intensive in the period of 1961-1988, when, besides the afforestation and melioration of forests, meadows and pastures, there was built around 14,000 km of rows, walls and terraces on the erodible terrains, as well as Investment in the maintenance and development of water management infrastructure could only be characterised as "acceptable" until the 1980ies (Group of authors, 2003). During the transitioning period that followed and still lasts today, there was a sudden drop in budget financing of water management, which left big consequences on the functioning of the system for protection against waters.
According to the initially envisaged financial means for the year of 2014 of public company for water management (PCWM) "Srbijavode", the programme for maintenance of water facilities for protection against the detrimental effects from waters was reduced to 38% of 5 According to available data from 2009, around 2.08 x 10 6 ha was under some of the 400 drainage systems, where 210 major pumping stations were operational, with an installed capacity of 543 m EP 2016 (63) 2 (585-600) Nataša Klјajić, Vesna Popović, Bilјana Grujić the needed scope, while the level of investment into maintenance of dams with accumulation does not ensure the functional security of these capital facilities.
It is estimated that around 1.5 billion RSD annually, i.e. 7.5 billion RSD in total should be provided for the protection of the most threatened areas in Serbia in the next five years. The mentioned assets would ensure the necessary degree of maintenance and functionality of the built water facilities for protection against waters, enhancing the existing facilities in accordance with the predetermined priorities, and technical documentation for the new investment cycle in the area of protection against waters (PCWM "Srbijavode", 2014).
The lack of financial assets in the budget of the Republic is reason enough for insufficient maintenance of facilities for protection against floods in the past twenty years in the territory of AP Vojvodina as well, according to assessments from the PCWM "Vojvodina vode". Thirty to seventy percent of work on water system maintenance was done in accordance to the current standards and criteria, which resulted in poor functional state of water facilities, decrease in system efficiency up to 50%, i.e. inadequate degree of flood protection of people and goods in AP Vojvodina (PCWM "Vode Vojvodine", 2014).
Floods in Serbia in 2014 -damage and reconstruction of damaged water facilities
Serbia was hit by floods of great proportions in May 2014, caused by heavy rain that went on for 48 hours. The damage caused by the floods in the territory of 24 municipalities was estimated to be 1,525 million EUR (where the value of destroyed properties was 885 million EUR, and loss in production about 640 million EUR), which represents 3% of the country's GDP 6 (The Government of the Republic of Serbia, 2014). The greatest loss and damage was noted in the production sector (agriculture, manufacture, trade, tourism, mining and energetics), in the amount of 1,064 million EUR (70%). It is estimated that 51,800 workplaces will be lost before time due to cessation in production activities in the threatened municipalities, with proportional decrease in household income. In the sectors of accommodation, education, health and culture, the damage amounts to 242 million EUR (16%). The damage on infrastructure is estimated at 192 million EUR (12%), while in the area of environment protection and multipurpose facilities, the damage lies at around 28 million EUR (2%) ( Table 4. ). The Law on Post-Flood Rehabilitation in the Republic of Serbia (Official Gazette of the RS, 75/2014) regulates the recovery from the consequences of the floods, i.e. landslide activation in areas affected by the floods that took place in May 2014 in Serbia. The recovery in areas affected by the floods is taking place in accordance with Government Recovery Programmes, which lay down the measures and criteria for providing assistance or post-flood rehabilitation and recovery criteria, measures and procedures in individual fields and in a specified territory. The funds for the rehabilitation from the consequences of floods and/or activated landslides in the sense of this law are provided from: the budget of the Republic of Serbia, the budget of the autonomous province, the budget of the units of local self-government, donations, contributions and gifts, borrowings, receipt from the sale of financial assets, financial assistance of the European Union, funds of public enterprises and other forms of organisation founded by the Republic of Serbia, autonomous province, or local self-government unit, and other sources in accordance with the law. Recovery and reconstruction will take place in the period of 2014-2016 ( Table 6 .). The government programme for recovery of damaged water facilities 7 predicts taking measures of urgent interventions (temporary closing of embankment perforations and critical damage on water facilities) and urgent work on recovery of water facilities for regulation of watercourses, water facilities for protection against floods, erosion and torrents and water facilities for drainage, with providing adequate documentation, in the total value of 3,146.9 million RSD (PWMC "Srbijavode" 1,687 million RSD, PWMC 
−
In cooperation with the World Bank were provided subsidies to farmers in the amount of 35 million dollars.
Financing the work and activities on protection against waters in the year of 2015
The budget fund for waters of the Republic of Serbia 9 intends 2,033.8 million RSD for watercourse regulation works and protection against the detrimental effects from waters in the year of 2015 (Official Gazette of RS, 142/2014). An amount of 1,969.3 million RSD is meant for financing new work and the rest for covering the expenses of work done in 2014. The distribution of assets is performed by an annual programme of water management (Official Gazette of RS, 21/2015). Most assets will be used to maintaining water facilities for watercourses regulation, water facilities for protection against floods, erosion and torrents (805.2 million RSD), and maintaining water facilities for drainage (409.1 million RSD). Over 90% of these investments represent regular maintenance of the mentioned facilities, while the assets meant for investment maintenance are particularly modest, as well as assets for construction and reconstruction of water facilities for watercourses regulation and water facilities for protection against floods, erosion and torrents (60 million RSD) and for protective, biological and biotechnical works (45 million RSD). The recovery of water facilities for watercourses regulation, water facilities for protection against floods, erosion and torrents and water facilities for drainage should receive 431 million RSD and conducting defence against floods and ice another 170 million RSD. The rest of the assets will cover expenses of project planning (110 million RSD) and maintaining expert surveillance over conducting work on recovery and maintenance of riverbeds and protective biotechnical work on the territory of the City of Belgrade (3.5 million RSD). Additional means are provided from the Programme of Regulation, Protection and Use of Agricultural Land in APV, other sources of financing from provincial level, and other sources (RS, municipalities, own assets and EU funds). Still, even with these additional assets, the maintenance of the mentioned water facilities and systems still lacks 961.5 million RSD, i.e. the maintenance is performed at a degree of 78.4% (PWMC "Vode Vojvodine", 2014).
Measures of defence against floods -legislative and institutional framework
The measures of integral protection against the detrimental effects from waters are divided into investment measures (hydro-engineering) and non-investment. The investment measures include active measures (building accumulations, retentions and diversion canals) and passive measures of protection against floods (building embankments, bank revetments and protective cassettes, and regulation of riverbeds).
Active measures of flood protection have a goal of reducing unfavourable characteristics of large waters. For example, up-flow accumulations, which are some of the most important active measures, serve to reduce the flow of large waters. Active measures are not dominant in Serbia, considering that the possibilities for building significant accumulations for levelling large waters on large water flows are limited.
Passive measures of protection from floods are used to prevent direct overflow of large waters out of the riverbed. The most important and most common passive measures include coastal embankments built along the riverbed. In Serbia, the degree of construction of embankments alongside the smaller rivers is not satisfying, which is why floods are relatively common. Considering the natural characteristics of the waters, and the limited possibility of constructing significant accumulations for levelling large waters, the systems of defence in key flood prone areas in Serbia (Vojvodina, Mačva, Srem, Lower Posavina with the City of Belgrade, Pomoravlje) must still rely on passive measures, which have to be adjusted to the realistic conditions and needs.
Non-investment measures of flood protection include administrative, regulative and institutional measures that preventively reduce the current and future damage from floods or ensure adequate defence from floods through preventive action or good organisation. Non-investment measures are a significant addition to active and passive measures of flood defence (Petković, 2006 and Kljajić et al., 2012) .
Preventive and operative non-investment measures are directed at flood danger combat and reducing the negative consequences in all phases of flood defence. Regulative and institutional measures define the manner of land use in the flood threatened area (zoning the terrain according to the degree of threat, regulations on the purpose of the threatened terrain, civil engineering regulations). Measures of solidarity for mitigating the consequences of floods have a goal to reduce the damage that appears during and after the floods, due to disturbances in the social and economic life (recovery and reconstruction, insurance from the consequences of the floods etc.) Informing and educating the population are necessary for the efficient conduction of flood defence (Varga, Babić-Mladenović, 2001 ).
Due to the described state and need for harmonising the legislation on flood protection with that of the EU, in future activities special attention should be dedicated to: − establishment of institutions and financing strategies, 11 The achievement of synergies in practice needs to be ensured mainly at the national level, as the implementation of measures envisaged by RBM Plan and FRM Plan is a national task.
− efficient recovery from floods.
Conclusion
Flood defence is an important segment of measures and activities connected to river basin management. During the previous development of this subsector of water management, the principle of flood combat was principally used in Serbia. It included construction of significant and expensive investment facilities (dams, accumulations, embankments, watercourses regulation, diversion canals, etc.) in order to ensure safety for people and material goods situated in the flood risk areas.
Defence against the detrimental effects from waters in the coming times must be based on the principles of sustainable development (the consciousness that there is no absolute flood defence, but that floods are something we have to live with, adjusting the needs of society and the environment), integrality (ensuring flood protection by combining investment and non-investment measures) and coordination (harmonised action of authorised organisations on a local, national and international level) with respect to the current state of the flood protection system and the economic strength of the society.
An adequate combination of non-investment and investment (hydro-engineering) work and measures at the river basin level should provide a good solution to integrated regulation and protection of the flood risk areas in Serbia. On large river basins, flood protection will still rely on hydro-engineering facilities, but the protection measures must also be based on flood hazard maps and flood risk maps, in order to adjust the activities with the specificities of a defined flood risk area. In the basins of smaller and mid-ranged rivers, non-investment measures should become more significant, as they influence the reduction of damage, whether by preventive action, or by good organisation in flood defence. In the following period, the main emphasis will be on increasing the degree of flood protection in large agglomerations (Belgrade, Novi Sad), industrial centres, and thermo-energetic capacities and increasing the retention capacities in the basins by building cassettes, accumulations etc.
It is expected that the mentioned measures and activities should be defined at the level of areas of potential significant flood risk and based on flood hazard maps and flood risk maps. As such, they will be included in flood risk management plans, which are, according to the Law on Waters, made for the territory of the Republic of Serbia and water areas. In the domain of international cooperation, emphasis lies on participation in making and implementing flood risk management plans, coordinated with river basin management plans, in accordance with the EU Floods Directive.
By reducing the risk of floods and other natural disasters, we influence the increase of competitiveness of Serbia on the international markets.
